The primary purpose of this paper is to propose a mathematical model of PLZT ceramic with coupled multi-physics fields, e.g. thermal, electric, mechanical and light field. To this end, the coupling relationships of multi-physics fields and the mechanism of some effects resulting in the photostrictive effect are analyzed theoretically, based on which a mathematical model considering coupled multi-physics fields is established. According to the analysis and experimental results, the mathematical model can explain the hysteresis phenomenon and the variation trend of the photo-induced voltage very well and is in agreement with the experimental curves. In addition, the PLZT bimorph is applied as an energy transducer for a photovoltaicelectrostatic hybrid actuated micromirror, and the relation of the rotation angle and the photoinduced voltage is discussed based on the novel photostrictive mathematical model.
Introduction
In our previous work [1] , changes in photo-induced voltage curves and the hysteresis phenomenon between photo-induced voltage and deformation were investigated through experimental methods. Here we propose a mathematical model of a PLZT ceramic with coupled multi-physics fields. The coupling relationships and a series of effects triggered in a PLZT ceramic exposed to ultraviolet light are analyzed theoretically. Novel mathematical equations are derived by taking into consideration the influence of temperature elevation.
Our previous experimental results showed that the temperature elevation caused by the photothermal effect led to a hysteresis phenomenon and a slow response speed of photoinduced deformation [1] . Therefore, the influence of temperature elevation and coupled opto-piezo-thermo-elastic fields must be taken into account when the mathematical model is established. Over the past decades, the mechanism and constitutive equations of the photovoltaic and photostrictive effect in PLZT ceramics have drawn many scholars' attention for its potential engineering application. Fridkin and Brody et al proposed several models of the anomalous photovoltaic effect based on a current source in the 1970s [2, 3] . The RC charging circuit model was used to describe the variational rule of the photoelectric field intensity in a polarized direction by Brody et al [4] in 1983, and the photostrictive constitutive equation and response time were obtained based on the RC charging circuit model. In 2000, Poosanaas et al [5] indicated that the optical second order nonlinear effect resulted in a photovoltaic electric field through the voltage source model and presented a mathematical model without time parameters which was suitable for static analysis. It is noted that the temperature elevation was not considered in the aforementioned models. In 1993, it was experimentally confirmed that the photostrictive effect included the anomalous photovoltaic effect, the photothermal effect, the pyroelectric effect and the thermal expansion effect by Fukuda et al [6, 7] ; however, the coupling relationship of these effects has not been further investigated. In 2005, Shih et al [8] proposed a photostrictive constitutive model of coupled opto-piezo-thermo-elastic fields; however, they did not consider the impact of thermal expansion on the electric field, and they thought that the thermal deformation caused by the thermal expansion effect was in the opposite direction to the deformation produced by the electric field (generated by the photovoltaic effect together with the pyroelectric effect). In 2011, Luo and Tong [9, 10] experimentally investigated the behaviors of multi-physics fields in a 0-3 polarized PLZT and presented a novel finite element formulation; however, the finite element formulation without time parameters was suitable for static analysis. It is concluded that existing models were not in good agreement with the experimental curves and also could not explain the experimental phenomena very well.
As discussed in our previous work [11] , the hysteresis phenomenon and the residual voltage and deformation seriously affect the driving performance of a PLZT as an actuator. Therefore, some measures were proposed and proved effective for improving the driving performance. In this research, the PLZT bimorph which can convert the optical energy to electric and mechanical energy directly is used as an energy transducer to actuate an electrostatic torsion micromirror. A comparatively large photovoltage of the order of kV cm −1 is generated between the two common electrodes of the PLZT bimorph under irradiation of ultraviolet light and can be controlled quickly by a dual ultraviolet light beam. Therefore, a photovoltaic-electrostatic hybrid driven micromirror has several advantages, such as high speed, remote light control, no need for high operation voltage, and amenable miniaturization, which provide promising applications in deep-space optical communication, particularly beam steering in outer space and in vacuum.
In this paper, the coupling relationships of the electrical, thermal, mechanical and light fields in a PLZT ceramic are rigorously analyzed and the mechanism of the anomalous photovoltaic effect, the pyroelectric effect and thermal expansion are investigated theoretically, based on which the equations of photovoltage and photo-induced deformation are derived and certified through experiments. After that, a photovoltaic-electrostatic hybrid driven micromirror is proposed, and the relation between the photovoltage and the rotation angle is obtained based on the novel model established in this paper.
Mathematical modeling of PLZT ceramics with coupled multi-physics fields
Because of the photostrictive effect, a photo-induced voltage and deformation are generated in a PLZT ceramic illuminated by ultraviolet light. According to our previous research [1] , the photo-induced deformation is not proportional to the photo-induced voltage between the two electrodes of the PLZT ceramic. What is more, the photo-induced deformation seriously lags behind the voltage. It is experimentally confirmed that the temperature elevation of a PLZT ceramic exposed to ultraviolet light results in a slow response of the photo-induced deformation and the hysteresis phenomenon between the photovoltage and the photo-induced deformation. Therefore, when a PLZT ceramic is irradiated by ultraviolet light, coupled opto-piezo-thermo-elastic fields are triggered in the PLZT ceramic, thus the photostrictive effect is a comprehensive result of coupled multi-physics fields. Hence, the temperature rise caused by the photothermal effect should be considered in a mathematical model of the photostrictive effect.
Coupling mechanism of the photo-induced multi-physics fields in PLZT ceramics
With the polarization caused by the external electric field, a PLZT ceramic has spontaneous polarization, which results in the piezoelectric effect, the pyroelectric effect and the ferroelectric effect. The photostrictive effect results from the combination of the anomalous photovoltaic effect, the photothermal effect, the pyroelectric effect and the piezoelectric effect. Fukuda et al investigated the composite photoresponse mechanism in a PLZT ceramic in 1995 [7] . However, the voltage caused by thermal expansion was not taken into consideration, thus the variation trend of the photo-induced voltage could not be explained well, such as the significant drop-off after rising to the maximum value, which was presented in our paper [1] . The coupling of opto-piezo-thermoelastic fields in PLZT ceramics under the irradiation of a high energy beam is re-established in figure 1 .
As shown in figure 1 , the electric field is generated by the anomalous photovoltaic effect (light energy to electric energy conversion), the pyroelectric effect (thermal energy to electric energy conversion) and the direct piezoelectric effect (mechanical energy to electric energy conversion). The strain is produced by the inverse piezoelectric effect (electric energy to mechanical energy conversion) and the thermal expansion effect (thermal energy to mechanical energy conversion). A part of the light energy is converted to thermal energy by the photothermal effect (light energy to thermal energy conversion), which causes the rising temperature. Simultaneously, because of the direct piezoelectric effect, the deformation produced by the thermal expansion effect is converted to electric energy to a certain extent, which was not found in other reports. As noted above, there are complex opto-piezothermo-elastic fields in a PLZT ceramic exposed to ultraviolet light. Therefore, when the photostrictive mathematical model is being established, the coupling relationships of these effects, whether strengthened or weakened, must be clear. Under irradiation of a high energy beam, the bound electrons on the surfaces of the PLZT can be excited from the valence band to the conduction band by absorbing photon energy, and then photocarriers are induced. The photocurrent is formed from a movement of photocarriers in the residual polarization electric field; meanwhile, a photovoltage is generated, which is on the order of several kV cm −1 and is greater than the band-gap energy. The mechanism of the anomalous photovoltaic effect is shown in figure 2 . Because of the photothermal effect, ultraviolet light leads to a rise in temperature of the PLZT ceramic, which weakens the spontaneous polarization of the PLZT ceramic, and pyroelectric charge is generated between the two electrodes perpendicular to the poling direction. The mechanism of the pyroelectric effect is described in figure 3 .
When the temperature increases quickly, free charge cannot compensate for the pyroelectric charge in time; thus an electric field is produced, which is called the pyroelectric effect. If the temperature of the PLZT ceramic increases from room temperature T 0 to T 0 +ΔT, a pyroelectric electric field is generated along the poling direction. Similarly, a pyroelectric electric field in the opposite poling direction is produced with decreasing temperature.
Meanwhile, the increasing temperature also generates a thermal deformation in the PLZT ceramic, and an electric field opposite to the poling direction is generated by thermal expansion deformation because of the direct piezoelectric effect.
To conclude, when the PLZT ceramic is illuminated with ultraviolet light, the photo-induced electric field in the PLZT ceramic is a comprehensive result of the anomalous photovoltaic effect (light energy to electric energy conversion), the pyroelectric effect (thermal energy to electric energy conversion) and the direct piezoelectric effect (mechanical energy to electric energy conversion). It should be noted that the electric fields generated by the anomalous photovoltaic effect and the pyroelectric effect are in the same direction as the residual polarization, and enhance the internal electric field in the PLZT ceramic. However, because of the direct piezoelectric effect, the electric field produced by the thermal expansion deformation is in the opposite direction to the poling direction and weakens the electric field in the PLZT ceramic. Finally, the electric field in the PLZT ceramic is converted to a mechanical force field with the inverse piezoelectric effect.
Equations of photo-induced effects in PLZT ceramics
As a basis of engineering applications, a mathematical model of PLZT ceramics causes concern for many researchers. Several models have been presented to predict the photovoltaic and photostrictive effects [4, [12] [13] [14] [15] . Liu and Tzou investigated the photodeformation process and actuation characteristics of opto-electromechanical actuators and proposed a mathematical model in terms of discrete form [12] . Poosanaas et al proposed a model for calculating the optimum sample thickness for maximum photostrictive response [15] . Luo and Tong proposed a novel expression for photo-induced strain by considering the light penetration depth in the thickness direction [13] ; what is more, they also investigated the photo-induced electrical, thermal and mechanical fields in 0-3 polarized PLZT ceramics and presented a 3D model for the coupled multi-physics fields [14] .
A time-dependent mathematical model considering the coupling of multi-physics fields, especially the voltage generated by thermal expansion, will be derived in this section. According to the coupling mechanism analysis of the photostrictive effect, the equations of the photostrictive effect should be derived by consideration of the anomalous photovoltaic effect, the pyroelectric effect, the thermal expansion effect and the piezoelectric effect.
2.2.1. Anomalous photovoltaic effect. When a PLZT is illuminated by ultraviolet light, a photovoltage is generated between the two electrodes based on the anomalous photovoltaic effect. The PLZT can be viewed as a parallel circuit of the current source, the resistance R p and the capacitance C p [16] . According to the electrical equivalent model of the PLZT ceramic, the photovoltaic voltage V p can be obtained as [4, 17] :
where V s is the saturated photovoltage and V I R ;
t is the illumination time constant and R C ;
I p is the photocurrent.
Pyroelectric effect.
Expressions for the temperature caused by illumination have been proposed by many authors [8, 12] , but they were derived in terms of discrete form. A continuous expression versus time will be obtained in this paper. It is assumed that the PLZT ceramic is illuminated by ultraviolet light with a light intensity of I; according to the thermal energy balance principle, the theoretical model can be obtained as:
where C T is the thermal capacitance of the PLZT ceramic; G T is the thermal conductance to ambient; S is the illumination area of the PLZT ceramic; T p and T 0 are the initial temperature of the PLZT ceramic and room temperature, respectively. In this case, T p is equal to T 0 . It is assumed that the temperature variation is zero when ultraviolet light begins to irradiate the PLZT ceramic, that is T 0 0.
, the temperature variation of the PLZT ceramic can be acquired as: 
Taking the derivative with respect to equation (3), the temperature gradient can be given as:
According to the definition of the pyroelectric effect, the pyroelectric current can be written as:
where A is the electrode area of the PLZT ceramic; P is the pyroelectric coefficient of the PLZT ceramic and P ,
Both ends of the PLZT ceramic are coated with electrodes, and the PLZT ceramic can be considered as a capacitor. When ultraviolet light begins to irradiate the PLZT ceramic, the initial pyroelectric voltage is zero, that is V 0 0.
Therefore, the pyroelectric voltage can be obtained as:
. Thermal expansion effect. According to thermal elasticity theory, the equation for thermal deformation can be written as:
where l is the thermal stress coefficient of the PLZT ceramic and Y a is the elastic modulus of the PLZT ceramic. According to the piezoelectric effect, thermal deformation caused by increasing temperature can generate an electric field. The intensity of the electric field caused by thermal expansion can be obtained as:
where d 3i is the piezoelectric constant of the PLZT ceramic; i is the direction of the photostrictive strain in the coordinate system of the PLZT ceramic, i=1, 2, 3. Supposing that the distance between the two electrodes of the PLZT ceramic is D e , thus the voltage caused by the thermal deformation can be written as:
In particular, the thermal deformation generated by the thermal expansion effect produces an electric field with a conversion ratio, which is in the opposite direction to the photo-induced electric field and the pyroelectric electric field.
It can be seen from the above analysis, under the irradiation of ultraviolet light with a wavelength around 365 nm, the integrated electric field in the PLZT ceramic is produced by the anomalous photovoltaic effect, the pyroelectric effect and the piezoelectric effect. So the integrated voltage can be acquired as: 
where b is the conversion coefficient of thermal deformation and the electric field.
Taking the thermal expansion effect into consideration, the strain expression of the PLZT ceramic can be written as: To validate the mathematical modeling and coupling relations, a series of photostrictive static experiments were carried out. In our experiments, the PLZT (3/52/48) ceramics are taken as the specimens, which are provided by Shanghai Institute of Ceramics, Chinese Academy of Science. The PLZT specimens are electrically polarized in air when the working temperature is above the Curie temperature. The dimensions of the PLZT specimen with polarization along the length direction are: 15 mm (length)×5 mm (width)×0.8 mm (thickness). Figure 4 shows the experiment setup and the block diagram for measurement; one end of the PLZT specimen is gripped and the other end is free. The upper surface of the PLZT specimen is irradiated vertically by ultraviolet light with a wavelength near 365 nm from a UV source. The UV source should be calibrated at different intensities by an ultraviolet illuminometer before the experiments. In the experiments, the temperature on the upper surface, the voltage between the two electrodes and the deformation of the free end are measured repeatedly. The ultraviolet light is generated by a UV probe with a 40 mm×40 mm illumination area, which ensures that the PLZT specimen can be irradiated uniformly. The light intensity and the irradiation time of the UV probe can be controlled by an intensity controller. The photovoltage is measured by a high impedance voltmeter (Trek Model: 821HH), whose measurement range is 0 to ±2 kV DC and the accuracy is better than ±1% of full scale at the voltage monitor output. The deformation is measured by a noncontact high resolution confocal chromatic sensor (STIL Initial 12), whose axial resolution with average 10 and the max linearity error are 500 nm and 180 nm, respectively. The temperature is detected by an infrared thermometer (Optris CS series), whose temperature range is from −20°C to 350°C. The accuracy of the infrared thermometer is ±1.5°C or 1.5% of the reading (whichever is greater). The experimental data are collected by setting the sampling period at 0.1 s. During each test cycle, the PLZT sample was irradiated by ultraviolet light of 50 mW cm −2 , 100 mW cm −2 , 200 mW cm −2 and 400 mW cm −2 for 200 s, and the experimental data were measured for 600 s after turning off the UV light. In order to be more persuasive, all the experimental data used to validate the proposed mathematical model were the data that have been published in our previous paper [1] .
Experimental results
According to equation (3), the expression for the temperature variation can be written as:
Because the thermal conductance to ambient G T is affected by the intensity of the illumination light, the thermal conductance to ambient can be expressed as:
where A h is coefficient of the thermal conductance to ambient and h a is the transformation constant of the thermal conductance to ambient changing with the light intensity.
Thus the expression of the maximal temperature variation T s D and the thermal time constant t q can be written as: (12) is taken as the fitting function expression of the temperature variation. As shown in figure 5 , according to the experimental data for 50 mW cm −2 and 100 mW cm and 400 mW cm −2 can be obtained, which are shown in figure 7 .
Similarly, according to equation (11) , the fitting function of the deformation can be expressed as: figure 8 . Table 3 shows the fitting and theoretical values of the parameters in the expression for deformation.
Comparing the theoretical curves with the corresponding experimental curves, as shown in figures 6, 7 and 8, it can be seen that the theoretical curves conform to the experimental curves very well; thus it is verified that these formulas derived in section 2.2 can predict the changes of temperature, voltage and deformation affected by the light intensity accurately. Therefore, the coupling relationships of the opto-piezothermo-elastic fields proposed in section 2.1 are reasonable, and the mathematical model considering coupled multi-physics fields is validated.
Discussion
It is known from our previous work that a stronger light intensity generates a higher temperature [1] . Similarly, a stronger light intensity causes a higher voltage, a larger photoinduced deformation and a faster response, as shown in figures 9 and 10. Figure 9 shows the time history of the photo-induced voltage under the irradiation of 50 mW cm −2 and 200 mW cm −2 . From figure 9 , when the PLZT sample is illuminated by ultraviolet light of 50 mW cm −2 , the voltage reaches the maximum value slowly and then retains a steady state. The temperature elevation under the irradiation of 50 mW cm −2 is comparatively small. This means that the pyroelectric effect and the thermal expansion effect are weak when the light intensity is smaller. As a result, the voltage curve reaches a steady state directly. Therefore, when the temperature produced by the photothermal effect is relatively small, the variation trend of the voltage can be mainly described by the first item in equation (10) . However, when the ultraviolet light of 200 mW cm −2 is turned on at point A, the voltage of the PLZT sample increases quickly to the maximum value at point B, and then largely decreases to a steady state at point C, and the UV source is turned off at point D. In the range AB, a comparatively large voltage is generated mainly by the pyroelectric effect and the anomalous photovoltaic effect; in the range BC, a significant drop-off in the voltage variation curve is caused by the negative voltage on account of the direct piezoelectric effect, which results from the thermal expansion; the voltage curve retains a constant state in the range CD, where all effects reach equilibrium states. The temperature variation has a significant influence on the PLZT ceramic, so the pyroelectric effect and the thermal expansion effect cannot be neglected. Therefore, the voltage caused by the pyroelectric effect and thermal expansion should be considered in the mathematical equation, which is shown as the second item in equation (10) . The above analysis shows that equation (10) can describe the variation trend of the voltage during the illumination phase very well. When the UV source is switched off, the voltage curve under the irradiation of 50 mW cm −2 decreases slowly and takes a long time to reach 0 V. However, the voltage curve of 200 mW cm −2 decreases rapidly, and a comparatively large negative voltage is produced, which is considered as a result of the pyroelectric effect caused by the sharply decreasing temperature. These phenomena further demonstrate the influence of temperature elevation. Figure 10 shows the time history of the photo-induced deformation under the irradiation of 50 mW cm −2 and 200 mW cm −2 . From figure 10 , the stronger the ultraviolet light applied to the PLZT sample, the larger the photoinduced deformation generated and the faster the response of the deformation obtained. By comparing figure 9 with 10, it is observed that the variation trend of the voltage curve is different from the deformation curve under the irradiation of 200 mW cm −2 . So the photo-induced deformation of the PLZT sample cannot be simply described as
based on the inverse piezoelectric effect. Since the deformation caused by the thermal expansion effect is taken into consideration in equation (11) , the novel strain expression provided in this paper can exactly predict the experimental curves of photoinduced deformation with different light intensities.
According to equation (10), the derivative of the voltage is calculated as:
So the initial response speed of the photo-induced voltage can be obtained as:
When the time tends to infinity, the limit of the voltage can be acquired as:
According to the definition of the delay time, the expression of the voltage time constant can be obtained as: 
Similarly, the expression for the deformation time constant can be obtained as: V t This means that the photo-induced deformation lags behind the voltage, which is observed in our experiments, as well as in some other reports [19, 20] . Therefore, the mathematical model proposed in this paper can explain the hysteresis phenomenon and the variation trend of the photo-induced voltage and deformation very well. 
Application
In this section, a novel photovoltaic-electrostatic driven micromirror based on a PLZT bimorph will be introduced, which is proposed to rotate the micromirror as a result of double side irradiation of ultraviolet light.
Actuation mechanism
According to our previous work [1] , when the PLZT ceramic sample is illuminated by a single side ultraviolet light, the response speed of the photo-induced deformation lags far behind the photovoltage. What is more, due to the serious residual photovoltage, it is difficult to control the magnitude and the orientation of the photo-induced electric field in the PLZT ceramic. Both the slow response of the photo-induced deformation and the residual photovoltage prevent the PLZT unimorph from application as an optical actuator. However, the PLZT bimorph under the irradiation of double side ultraviolet light can obtain a fast controllable photo-induced electric field. Accordingly, the PLZT bimorph can be used as an energy transducer for the photovoltaic-electrostatic actuated micromirror. Figure 11 illustrates the photovoltaic-electrostatic actuated micromirror driven by a PLZT bimorph subjected to double side ultraviolet light. The micromirror is a doubleclamped torsion structure, which is supported by two torsion beams. Beneath the micromirror electrode, which is coated on the backside of the micromirror, there are two symmetrical driving electrodes connected to the two common electrodes of the PLZT bimorph. It should be noted that the micromirror electrode is also connected to one of the common electrodes through a silver wire and conductive silver adhesives, and hence two equal and opposite electrostatically driven torques are generated. The micromirror can be actuated to rotate around the torsion beams by the photo-induced electric field between the micromirror electrode and the driving electrodes. When UV-1 is turned on, a comparatively large photo-induced electric field generated between the two electrodes of the PLZT bimorph is applied to drive the micromirror to rotate at a certain angle; after that, UV-1 is switched off and UV-2 is turned on immediately, and the micromirror returns to its initial position with the recovery of the photo-induced voltage. As shown in figure 11 , the length and width of the micromirror are L and a, respectively. Figure 12 shows a cross-sectional schematic diagram of the micromirror. h is the distance between the micromirror electrode and the driving electrode; l, w and t represent the length, width and thickness of the torsion beam, respectively; The size and relative position of the driving electrodes are defined by a a is as the result of equilibrium. Therefore, the relation between the applied voltage and the rotation angle can be written as:
Relationship between the photovoltage and the rotation angle
According to equation (10) and the parameter values in section 3.2, expressions for voltage under irradiation with different light intensities can be achieved, which are substituted into equation (28). Thus the relation between the voltage produced by the PLZT sample and the rotation angle is determined by using the geometrical dimensions of the torsion micromirror. Table 4 shows the geometrical dimensions of the torsion micromirror. Figure 13 shows the time history of the normalized rotation angle of the micromirror driven by the PLZT sample irradiated with different light intensities. Initially, the torsion angle increases with the increasing driving voltage; after that, when the rotation angle reaches a certain value , 0 Q which is known as the snap-down angle corresponding to the snapdown point, the driving voltage reaches its maximum value. Due to the snap-down phenomenon, if the micromirror rotates beyond a certain rotation angle, the micromirror electrode will touch the driving electrode, and then the electrostatic torque equilibrium is broken.
As shown in figure 13 , the micromirror rotates quickly, actuated by the PLZT sample exposed to ultraviolet light, and the stronger light intensity makes the micromirror reach the snap-down point more rapidly. At points A 50 , A 100 and A 200 , the rotation angle reaches the snap-down angle Θ 0 and the photo-induced voltage reaches V max , which is the required maximum driving voltage for the rotating micromirror. Owing to the snap-down phenomenon, when the photoinduced voltage increases beyond the required maximum driving voltage V max , the rotating micromirror will touch the driving electrode. As a result, the micromirror maintains a steady state under a driving voltage called the lift-up voltage V up , just like the points B 50 , B 100 and B 200 in the curves. Nevertheless, the photo-induced voltage of the PLZT sample continues to increase, so the micromirror rotates from the steady state to the snap-down angle again under the actuation of the photo-induced voltage, which rises from the lift-up voltage V up to the maximum driving voltage V max quickly. At points C 50 , C 100 and C 200 , the micromirror reaches the snapdown point once more. Under the illumination of ultraviolet light, the photo-induced voltage will rise from the lift-up voltage V up to the maximum driving voltage V max repeatedly, and the micromirror is actuated to rotate from the steady state to the snap-down point. This shows that the micromirror can be effectively driven by the PLZT sample subjected to ultraviolet light. The next work is to optimize the structure size of the rotation micromirror for a better rotation performance and to avoid the snap-down phenomenon as far as possible.
Conclusion
Temperature elevation is the main reason for the hysteresis phenomenon and slow response speed, thus the impact of the pyroelectric effect and the thermal expansion effect, which are triggered by temperature variation, should be considered when a mathematical model is established. In this paper, the mechanism of the photostrictive effect and multi-physics coupling effects, e.g. the anomalous photovoltaic effect, the pyroelectric effect, the photothermal effect, the thermal expansion effect and the piezoelectric effect, were analyzed theoretically, based on which a mathematical model considering coupled multi-physics fields was established. Then a series of experiments were conducted to verify the mathematical model. The experimental results showed that the equations of temperature, photo-induced voltage and deformation could predict the changes of the corresponding experimental curves accurately. After that, a photovoltaicelectrostatic actuated micromirror driven by a PLZT bimorph subjected to double side ultraviolet light was proposed and analyzed theoretically. Analysis results indicated that the photo-induced voltage generated by the PLZT ceramic was available as an energy supplying device for an electrostatic micromirror.
